Background: Policy interventions have been taken to protect households from facing unpredictable economic changes that may cause catastrophe in China. This study aims to estimate the change of overall proportion of households incurring catastrophic health care expenditure (CHE) and its income-related inequality in the rural areas of Shaanxi Province from 2008 to 2013. Methods: The data were drawn from the National Household Health Service Surveys of Shaanxi Province conducted in the years 2008 and 2013. In total, 3,217 households in 2008 and 13,085 households in 2013 were selected for analysis. A "Capacity to pay" approach was used to measure the incidence of CHE. The concentration index was employed to measure the extent of income-related inequality in CHE. A decomposition method, based on a logit model, was used to decompose the concentration index into its determining components. Results: From 2008 to 2013, the overall proportion of households incurring CHE dropped from 17.19 % to 15.83 %, while conversely, the inequality in facing CHE strongly increased. The majority of observed inequalities in CHE were explained by household economic status and household size in 2013. In addition, the absence of commercial health insurance and having elderly members were also important contributors to inequality in CHE. Conclusions: Even though we used a conservative method to measure CHE, the overall proportion of households incurring CHE in Shaanxi Province is still considerably high in both years. Furthermore, there exists a strong pro-rich inequality of CHE in rural areas of Shaanxi Province. Our study suggests that narrowing the gap of household economic status, improving the anti-risk capability of small scale households, establishing prepayment mechanisms in health insurance, strengthening the depth of reimbursement and subsidising vulnerable households in Shaanxi Province are helpful for both reducing the probability of incurring CHE and the pro-rich inequality in CHE.
Background
Although the Chinese health care system has initiated several reforms designed to eliminate access barriers to health services, millions of people are still prevented from seeking and obtaining needed health care owing to financial difficulty [1] . This is especially true in western China where the per capita income is far behind the eastern areas of China [2] . On the other side of the coin, people accessing health services may cause households to have no choice but to pay a large proportion of household effective earnings, then pushing households into financial hardship or even poverty [3, 4] . Catastrophic health care expenditure (CHE) is a general term used to describe all kinds of health expenditures that pose a threat to the financial capacity of a household in order to maintain its subsistence needs [5] [6] [7] [8] . The World Health Organization (WHO) suggested that CHE occurs if out-of -pocket payments (OOP) are at or exceed 40 % of income remaining after household subsistence needs have been met in any year [9] . CHE which could occur in both rich and poor areas is not always a byword of large health care spending [10] . Lacking social support, even a small amount of health spending may be catastrophic to poor households. CHE could force households and their family members to cut back on other consumption, sell assets, make an overdraft on future life, and even be trapped in a long-term debt [11] . Considering the serious consequences of CHE, protecting households from CHE has been widely considered as a desirable objective of many health policies [12] [13] [14] [15] .
In the past few decades, many policy interventions aimed at reducing OOP health expenditures have been carried out to protect households against CHE in China. One of the most important interventions taken by the Chinese government is to take concrete steps towards the achievement of universal health insurance coverage. Three social health insurance schemes have been implemented in China: the Urban Employee Basic Medical Insurance (UEBMI) designed for the employed urban residents, the Urban Resident Basic Medical Insurance (URBMI) designed for urban residents without formal employment, and the New Rural Cooperative Medical Insurance (NRCMI) designed for rural residents [16, 17] . Take the NRCMI, which was piloted in 2003 and comprehensively implemented in 2008, as an example, by 2013 over 800 million rural residents have participated in NRCMI in rural China. Per capita financing for the NRCMI amounts to around 340 yuan (RMB) (US$ 54.84, all US$ equivalents presented in this paper are calculated based on World Bank annual average exchange rate US$ 1 = RMB 6.20 in 2013), of which 280 yuan (82 %) is subsidised by central and local governments [18] . The actual reimbursement ratio, however, is still at a relatively low level [19] . Other interventions, such as promoting free health treatments to a targeted population, have also been carried out since 2009. By the year 2011, over 39 million elderly people over 65 years old had received health check-ups for free, and over 13 million pregnant and maternal women in the rural areas had received maternity allowance [20] .
Despite the fact that "average" catastrophic health spending could be reduced with policy interventions, inequalities in CHE will not simply be eliminated and inevitably exist across households due to geographic and economic factors. Therefore, measurement and regular monitoring of inequalities in CHE are of great concern for policy-decisions, epidemiologists and other health scientists [21] .
Previously studies mostly focused on incidence and intensity of CHE and its determinants based upon onewave cross-sectional survey data [4, 22] . So far, no study has been published to investigate the change of incomerelated inequality in CHE in western China along with the recent health insurance reform. Considering the unique social structure and economic profiles in local areas, the contributions to inequality in CHE may vary widely between provinces and countries.
The purpose of this study is to measure the overall proportion of households incurring CHE in 2008 and 2013 in Shaanxi rural areas, to compare the change of income-related inequality in CHE between two stages, and to analyse the contributions of determinants to socioeconomic inequality in 2013. The findings of this study will provide readers vital information about the severity of CHE and its inequality in Shaanxi Province. The results will also shed lights on policy suggestions regarding how to reduce the incidence of CHE and its inequality in developing countries.
Methods

Data source
Data were drawn from the fourth and fifth Household Health Service Surveys of Shaanxi Province, which were part of China's National Health Service Surveys (NHSS), conducted in June of 2008 and September of 2013, respectively. NHSS is a national representative survey organised and directed by the Ministry of Health of China every 5 years [23] . Shaanxi Province is located in the northwest of China. With a population of 37.6 million in an area of over 205,800 km 2 , 48.7 % of residents in Shaanxi Province lived in rural areas. The per capital Gross Regional Product (GRP) was RMB 42,692 (US$ 6886) at the end of 2013, lower than that in the eastern areas of China where per capital GRP was RMB 57,722 (US$ 9310).
To achieve representation of the whole population, a four-stage, stratified, random sampling method was adopted in both years. In the first stage, 44 counties (districts) in 2008 and 32 counties (districts) in 2013 were randomly selected in Shaanxi Province. The second stage sampled townships: 75 townships in 2008 and 160 townships in 2013 were selected in sampled counties or districts. In the third stage, 150 villages (communities) in 2008 and 320 villages (communities) in 2013 were selected in sampled townships. In the fourth stage, 5,960 households in 2008 and 20,700 households in 2013 were identified [4] .
For each household, a face-to-face interview was conducted using a structured household questionnaire which was developed by the Center for Health Statistics and Information of the Ministry of Health of China. The contents of the household questionnaire included general information on socio-economic and demographic characteristics of the households; demographic and insurance characteristics of household members; self-reported illness and injury; outpatient and inpatient health service utilisation. It is worth mentioning that nine questions were preselected in the questionnaire to measure annual household expenditure, such as food, accommodation, transportation, and OOP health expenditure. The recall period for household expenditure questions was one year prior to the surveys [24] . An adult who was fully aware of the household income and expenditure information was eligible to respond in this section. Information about infants and young children was collected through their parents or guardians. Missing households which were not available after 3 contacts were substituted by alternative households based on predefined protocol.
Considerable quality assurance measures were implemented during the process of data collection. Survey supervisors revisited 5 % of the sampled households to check the accuracy of data recorded by interviewers. In this process, 14 key questions were asked again to check the consistency of the information recorded. The consistency rates of the key questions recorded between the first and second visits was over 95 %. The Myer's Blended index was 1.67 in 2008 and 1.62 in 2013, indicating that in both years there was no significant difference between the sampled age distribution and the overall age distribution of Shaanxi Province (i.e. non-existence of age preference in the survey) [25] .
Data collected from rural areas were used in this study, including 3,239 households in 2008 and 13,200 households in 2013. After data cleaning (i.e. excluding households with logic error answers and/or with key variables missing), 3,217 households in 2008 and 13,085 households in 2013 were adopted for empirical analysis.
Ethical considerations
The Ethics Committee of Xi'an Jiaotong University Health Science Center approved this study (approval number 2014-204), which conformed to the ethics guidelines of the Declaration of Helsinki. Informed consent was obtained by surveyors prior to data collection.
Statistical analysis Catastrophic health care expenditure
Although there is no consensus on defining CHE, it is widely agreed that CHE should be measured in relation to a household's capacity to pay (CTP) [10] . CTP is defined as non-subsistence expenditure, which calculated as total household expenditure minus spending on basic necessities. Generally we use the households' average food expenditure in the 45 th to 55 th percentile adjusted for the household scale as a proxy measure for basic necessities [26] . Referring to several WHO studies, we set the catastrophic threshold at 40 % of the household's CTP [9] . In this study, we used OOP as a numerator and CTP as the denominator to calculate the CHE incurrence. OOP includes all types of direct health-related expenditures made by households, primarily for the purchase of medications (including self-medication), payments for outpatient and/or inpatient care, preventive care, maternal and child health services. A binary variable was defined indicating whether the household incurred CHE or not.
Methods to measure CHE inequality
Concentration index, which is one of the most widely accepted methods of defining health inequalities, was employed to measure the extent of socioeconomic inequality in CHE. It is defined as twice the area between the concentration curve and the line of equality [27, 28] . The concentration index lies in the interval [−1, 1] [29] . Its positive value indicates that a variable is more concentrated among the advantaged, and vice versa. The larger the absolute value of concentration index, the greater the inequality in CHE [30] . The formula for computing the concentration index is:
Where C stands for concentration index, y i is CHE index, μ is the mean of CHE index, and R i is the fractional rank of household in the income distribution.
Decomposition methods
Inequality can be further explained by decomposing the concentration index into its determining components. Decomposition methods can enable researchers to quantify each determinant's true contribution to measured income-related inequality with the controlling of other determinants. When health outcome is continuous, OLS regression is widely used to decompose the concentration index into the contributions of different factors [31] . The formula for the concentration index decomposition using OLS regression can be written as follows:
where ε is an error term. The concentration index for y(C) can also be written as:
Where μ is the mean of the dependent variable, x k is the mean of independent variable x k , C k is the concentration index for x k , and GC ε is the generalised concentration index for the error term. β k x k is the elasticity of the dependent variable on the corresponding independent variable. We can see from Equation 3 that the overall inequality has two components: "explained" component captured by the first term and residual or "unexplained" component captured by the last term [32, 33] . However, the OLS regression based estimation fails to deal with cases where the health outcome is binary [19] . To tackle the disadvantage, Hosseinpoor et al. modified this approach to deal with binary outcomes in 2006 [20] . The extension for the decomposition method provides us an opportunity for further analysis on unraveling and quantifying each determinant contribution to socioeconomic inequality in CHE. Following Hosseinpoor et al., we used a non-linear logit model instead of OLS regression to conduct the decomposition analysis. As the logit model is essentially non-linear in the probability of incurring CHE, the natural logarithm of the odds of CHE was used as the dependent variable (rather than actual CHE) for decomposition [34] .
All of the analyses were performed in STATA software version 10.0.
Independent variables
With reference to previous studies, four groups of factors, which may be associated with the CHE were used in this study. Firstly, demographic characteristics include five variables: having elderly members, having children in the household, household size, household head's gender and educational achievement. Having elderly members is a dummy variable indicating whether there were members in the household 65 years or older. Having children in the household is a dummy variable indicating whether there were members in the household below 5 years old. The second group, illness and treatment history, includes three dummy variables: having chronic disease members (i.e. whether any household member had doctor-diagnosed chronic diseases in the past six months), inpatient service usage (i.e. whether any household member used inpatient services in the past year) and outpatient service usage (i.e. whether any household member used outpatient services in the past two weeks). Thirdly, health insurance characteristics include two dummy variables: absence of social health insurance and absence of commercial health insurance. Lastly, household economic status is measured by annual self-reported household expenditure in our study. Both self-reported household expenditure and household income data are available in the NHSS data; however, it is suggested that for developing countries expenditure data is a better proxy of household economic status than income data since the latter is likely to be under-reported [35] . Households were ranked according to per-capital household expenditure and grouped into five quintiles. Catastrophic health care expenditure Table 2 Associations between CHE and its determinants 
Results
Descriptive analysis
Decomposition of socioeconomic-related inequality
By decomposing the concentration index of the Ln odds CHE , the socioeconomic-related inequalities were decomposed into relative contributions of each determinant. Table 4 presents summary results of decomposition in 2013. The second column shows the elasticity of Ln odds CHE with respect to each determinant. The third column shows the concentration index for each determinant. The fourth column shows the pure contributions of determinants to the socioeconomic inequality in Ln odds CHE .
A negative concentration index of determinant variables, such as having elderly members in household and absence of commercial health insurance, means that these variables are more concentrated among the worse off, and vice versa.
The positive value of contribution means that this variable contributes to pro-rich inequality [33] . Similarly, a negative contribution means this relative variable reduces pro-rich inequality. The findings indicated that having elderly members and absence of commercial health insurance increased pro-rich inequality, whereas having chronic disease members, inpatient and outpatient health service usage, and absence of social health insurance reduced the pro-rich inequality, favouring the poor.
Quantifying the corresponding contributions expressed as a percentage of each determinant in 2013, most of the socioeconomic inequality in CHE was attributable to household economic status (48.79 %) and household size (44.11 %).
Discussion
In the study, we estimated the overall proportion of households incurred CHE between 2008 and 2013 in Shaanxi Province with a conservative method. Firstly, we used a high threshold to define the occurrence of CHE. Secondly, indirect expenditure for seeking health services, such as transportation, food, accommodation, lost earnings due to illness, was not included in health expenditure [9] . This conservative estimation method may lead to underestimating the financial consequences of household health expenditures [9, 36] . Even though a conservative method was used to measure CHE, the proportion of households incurring CHE in Shaanxi Province was still considerably high in both years. This proportion was not only higher than that in most rural areas of other provinces in China, but also higher than that in most developing countries [4, 9, 37, 38] . Several potential factors could be responsible for this phenomenon. Firstly, despite the fact that Shaanxi Province has achieved close to universal OOP, out-of-pocket; CHE, catastrophic health care expenditure; CTP, capacity to pay health insurance coverage, actual reimbursement ratio for NRCMI designed for rural residents is still at a low level. A high proportion of OOP in the total health expenditure remains a cause of households facing CHE. Secondly, health service access and use is also a very important determinant resulting in CHE. Economic growth generates higher demand for expanded health care provisions. In Shaanxi Province, the outpatient visits ratios within two weeks rose from 11.18 % in 2008 to 12.55 % in 2013, and the annual hospitalisation rate jumped from 5.39 % in 2008 to 10.06 % in 2013 (Yongjian Xu, Yanli Li, Sha Lai, unpublished observations). Increasing usage of health services and the lag of social institution's development have a potential effect of putting households into economic catastrophe [9] . Thirdly, the long-term split of basic health insurance schemes designed for different target populations-urban and rural, formal and informal-and the financial risk management at county or city-level, lead to the deficiencies of the risk pooling capabilities. Risk pooling shares medical costs with different profiles to prevent households from catastrophic expenditure due to unexpected diseases, and enables cross-subsidies from the advantaged to the disadvantaged [39] . A fourth issue contributing to CHE is that the continuing shrinkage of household size reduces the household's anti-risk ability to cope with catastrophic payments. This study emphasised some key factors as determinants of catastrophic health care expenditure. Most were similarly reported in related studies [40, 41] . As we expected, a lower economic status played an important role in increasing the risk of incurring CHE in 2013. However our study found that poorest households showed no statistically significant association with CHE in 2008. One possible explanation is that the poorest households forgo their needed health care due to high health care-related cost. Our unpublished analyses, using the same data, found that in 2008, 36.08 % members in poorest households refused inpatient treatment in the past year, whilst 53.50 % members in these households suffering from illness and injury in the past two weeks chose not to seek medical treatment. Consistent with most previous studies in China, our findings showed that absence of social health insurance increased the risk of households incurring CHE in the rural areas of Shaanxi Province [41] . In addition to household economic status and absence of social health insurance, having elderly members, inpatient and outpatient health services usage, and lack of commercial health insurance were also key determinants of CHE. From 2008 to 2013, the percentage of households having a male head dropped from 82.71 % to 78.36 %, and our study found that the male household head increased the risk of households incurring CHE in 2013, but there was no significant association in 2008. Further studies are needed to explore the reasons. Unlike previous studies conducted in other countries, our study showed that there was no statistical association between CHE and households with a child or children below 5 years old in both years [40] . One of the potential reasons is that an expanded program of immunisation for children, promoted in Shaanxi Province, has successfully prevented and controlled outbreak and spread of many childhood infectious diseases which may make households face large health expenditures [42] . A small household with more inpatient treatments, having elderly members, lack of health insurance and illiteracy of the household head, had the higher risk of incurring CHE. Therefore, policy interventions aimed at reducing the probability of household incurring CHE should primarily consider the needs of vulnerable households.
The issue of CHE will not simply be solved with an increasing trend of income. Local health systems should Observationsbe improved in several aspects to protect households from CHE. One key approach reducing economic catastrophe is to establish pre-payment mechanisms and move away from post-payment mechanisms in basic health insurance systems [10] . Another approach is to enhance the actual reimbursement ratio of basic insurance (or reduce OOP payment ratios). A third, developing financial risk pooling should be placed on the agenda. In the present circumstances, an incremental approach, which starts with different pools designed for target populations and combines them over time, is a feasible way to risk pooling used by policy-decisions [39] . From 2008 to 2013, local health systems were mainly dedicated to protecting households against catastrophic payments and eliminating access barriers to needed health care by carrying forward universal health coverage as well as other measures. However, it is worth noting that the inequality in facing CHE significantly increased over these years. Thus, further policy interventions should be taken to reform health systems to address the remaining inequality.
Our study revealed that some determinants, such as absence of commercial health insurance and households having elderly members, showed positive contributions to socioeconomic inequality in CHE, which meant CHE was greater among the poor. Furthermore, our study also indicated that households with chronic disease members had negative contributions, favouring the poor. A potential explanation is that most chronic diseases, such as hypertension, diabetes and coronary artery disease, is more prevalent among the advantaged and associated with a high risk of incurring CHE. Consistent with earlier studies, our study found that the contributions of health service usage variables to the probability of incurring CHE were in a pro-poor direction, reducing socioeconomic inequality in 2013 [36, 43] . That is because the rich households are relatively more prone to use these services and accessing such services has a higher risk of incurring CHE, while conversely, poor households are less likely to be affected with little use of health services. From the decomposition analysis of concentration index, it is evident that most of the inequality in CHE is explained by household size and household economic status in 2013. Therefore, potential solutions to relieve socioeconomic inequalities should concern the degree of determinants' contribution, and it is helpful to reduce inequalities in CHE by narrowing the gap of household economic status and improving anti-risk capability of small scale households.
There are some limitations in the study. Firstly, all of the demographic, socioeconomic and health services usage information were self-reported. Household health expenditure and health services usage data may be less accurate than medical records. Secondly, the presence of missing data may lead to biased estimates of regression parameters and weaken generalisability of our results.
However, considering less than 1 % data were excluded owing to the missing value, this problem may not be serious. Thirdly, the way we calculated CHE has some limitations. Poor households choosing not to seek health care were excluded from CHE calculations. Also, since the economic status was measured by annual household expenditure, poor households spending catastrophic expenditure on health services increased their CTP and total expenditure, thus these households were categorised into a higher economic status in analyses. Fourthly, there was likely to be recall bias because of a long recall period.
Conclusions
Even though we used a conservative method to measure CHE, the overall proportion of households incurring CHE is still considerably high compared to other rural areas of China and most developing countries in the world. Furthermore, there exists a strong pro-rich inequality of CHE in the rural areas of Shaanxi Province. Many determinants, such as absence of health insurance, having elderly members and lower economic status, increased the probability of incurring CHE. Lower economic status and small household size were the main determinants contributing to inequality favouring the rich. This study suggests that in Shaanxi Province, which has almost achieved universal health insurance coverage, narrowing the gap of household economic status, establishing prepayment mechanisms in health insurance, strengthening the depth of reimbursement (reducing OOP ratio) and subsidising vulnerable households are helpful for both reducing the probability of incurring CHE and pro-rich inequality in Shaanxi Province.
